Plant adaptation to drought depends on both inherited and adaptive characteristic of water conservative traits. Expression of limited transpiration rate (TR) under high vapor pressure deficit (VPD) conditions could be one of the potential sources of soil water conservation for drought tolerance. Large genetic variation for limited TR has been identified in the comparison of three major C 4 cereals viz.,maize, pearl millet and sorghum under elevating VPD. The total amount of water transpired under elevating VPD by these three cereals not found dependent on leaf area, in fact, it was reflected more by the variation in transpiration rate. Pearl millet showed better adaptation of limitation of TR than maize and sorghum under high VPD regimes.
Introduction
Maize, Pearl millet and Sorghum are importantcereal crops for food and feed in arid and semi-arid tropics. The C 4 crops are evolved to copeup with high temperature, low CO 2 and high irradiance environment. However,when it comes to drought (atmospheric and soil), they do suffer equally as the C 3 cereals. Water stress limits the crop yield and plays a significant role in the potential yield gap. Drought tolerance is a complex trait and regulated by many component traits (Monteith, 1995; Vadez et al., 2014) . Identification of component traits to drought-tolerance and utilisation into crop breeding program isessential for sustainable agriculture. One such trait identified in recent years is the transpiration response to increasing atmospheric evaporative demand (also called vapor pressure deficit), VPD is the difference between the vapor pressure inside the leaf to saturated air pressure of the atmosphere which drives the transpirational pull. Plant transpiration increases with increasing VPD (Sinclair and Bennett, 1998) but genetic variation has been reported in many crops in the transpiration response to high VPD conditions. Some genotypes indeed restrict their transpiration under high VPD, by partial stomata closure, and then limit their maximum transpiration rate. This trait contributes to soil water conservation, water is conserved in early crop stages and effectively used for later critical stages (Richards and Passioura, 1989; Sinclair et al., 2005) . Kholova et al. (2010) identified genetic variation for limited transpiration rate in pearl millet which is linked to the water use at the vegetative stage. Gholipoor et al. (2013) evaluated thirty-five single cross maize hybrids for limited transpiration rate in response to increasing high VPD and reported VPD threshold for limiting TR range of 1.7 to 2.5 kPa. Gholipoor et al.(2010) and Choudhary et al.(2013) identified VPD sensitive and insensitive lines by screening twentysix sorghum genotypes, and the expression of limited transpiration trait ranged from VPD threshold of 1.6 to 2.7 kPa in sensitive lines. Shekoofa et al. (2014) compared the expression of limited transpiration trait in a controlled test environment to the field conditions. This study showed a similar trend of expression and possibility to compare the studied lines under a range of conditions. In particular, it looked at the trade-off between the maximum transpiration trait and the photosynthesis-driven plant growth, i.e. trade-offs between carbon dioxide entry in the plant and water losses at the stomata level. Several attempts havealso been made to addressthese tradeoffs between water conservation and biomass accumulation so that utilisation from the soil profile get maximize and no water remains available in the soil profile once the crop has matured. Sinclair et al.(2005) conducted a simulation study for the limited transpiration traits in sorghum and reported 9-13% yield benefits under arid regions with a very minimum penalty under well-watered conditions. Similarly, Kholova et al. (2014) simulated the same traits for post rainy sorghum cultivars reported for grain yield and fodder. The model showed the close relationship between the crop yield and amount of water available at post flowering crop growth stage subjected to limited water conditions. The primary objective of the present study is tocompare the genetic variation in three major crops of semi-arid tropics for transpiration response to elevating VPD conditions. At V5-V7 (vegetative stage of 5-7 fully developed leaves) plant stage, the uniform pots were selected, saturated with water and allowed to drain overnight. Soil evaporation was restricted by covering the soil surface around the stem with a plastic sheet covered with a 2-cm layer of plastic beads.The plants were grown in a glasshouse and shifted to plant growth chamber (Conviron, Controlled Environments, Winnipeg, MB, Canada) for one day. After acclimation, the transpiration response to increasing VPD was assessed in the range of 0.7 kPa to 4 kPa (ExpI) and 0.6 kPa to 3.6 kPa (ExpII) for one-hour intervals (15min transition time). The lower level humidity was maintained with the help of dehumidifier (Daikin, India). The light flux density ranged from450-500 μ mol m -2 s-1 at canopy level in a growth chamber. The protocol for transpiration response to increasing VPD was followed same as described in the earlier studies by Kholova et al. (2010) ; Gholipoor et al. (2010) ; Choudhary et al. (2013) and Shekoofa et al. (2014) in cereal crops. The transpiration response was measured by a gravimetric method using 0.01 precision balances (FBK, Kern & Sohn GmbH, Balingen, Germany) to five plants per genotype. The first weight was considered as field capacity weight,and the pots were weighted at every one-hour interval for each VPD level to access the transpiration response. The fresh leaves were separated from the plantpart at the end of the experiment,and total leaf area was measured using a leaf area meter (LI-3100, Li-Cor, Lincoln, Nebraska, USA).
Material and Methods
The gravimetric transpiration measurement of plants was expressed in Transpiration Rate (TR) as transpiration (mg) per unit leaf area (m 2 ) and per unit of time (s). The VPD was calculated as per equation (given by Monteith and Unsworth, 1990) .
Analysis of variance (ANOVA) was done using SAS 9.3 PROC GLM (SAS Institute, Inc., Cary, NC, USA) followed by least significant test (LSD) test to find the significant difference among and between the crop species. The transpiration response to increasing VPD was categorizedinto three VPD levels as low VPD (<1.5 kPa), medium VPD (1.5 kPa to 2.5 kPa) and high VPD (>2.5 kPa) to find the difference at each level. The transpiration rate to increasing vapor pressure deficit was subjected to two-segmented linear regression equation using GraphPad Prism version 6.03 (Graph Pad Software, Inc., San Diego, CA). The value of (Breakpoint)BP was the breakpoint between the two linear regression equations. The slope of the two linear regressions was statistically compared (P <0.05) . If the two slopes are statistically different, the response is best represented by a nonlinear regression model. If the two slopes are not significantly different the response is best represented by a simple linear regression model. Genetic components like genotypic coefficient of variance (GCV), the phenotypiccoefficient of variance (PCV), heritability (h 2 Broad sense) and genetic advance (GA % mean) were estimated as suggested by Johnson et al.(1955) , Burton, (1952) and Lush (1940) . The coefficient of variation (CV %)was categorised into low(0-10), moderate (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) and high (>20) as suggested by Sivasubramanian and Madhava Menon, (1973) . The heritability % were categorised into low (0-30), medium (30-60) and high (more than 60) as suggested by Robinson et al. (1949) . The genetic advance as percent of mean was categorised into low (<10), medium (10-20) and high (more than 20) as suggested by Johnson et al. (1955) .
Results and Discussion
Analysis of variability revealed significant (P<0.05) differences among all the lines for leaf area (LA, cm 2 ) under investigation in both the set of experiments. In this study, the genetic variability parameters like PCV and GCV were calculated and showed high values for LA, T and TR respectively. In the case of the maize crop, the high heritability and high genetic advance per cent mean were observed for LA, T and TR. Moderate to high heritability and high genetic advancewere recorded for LA, T and TR in case of pearl millet and sorghum respectively. The analysis of variance and estimated variability parameters are given in Table  2 and 3. The transpiration (T, g) and transpiration rate (TR, mg m 2 sec -1 ) showed largevariation in the studied genetic material. The variability in canopy development, transpiration and transpiration rate werealso discussed. With regard to canopy development, at the first set of experiment (Exp I; March to April), the mean leaf area was recorded highest in pearl millet (1425±485cm 2 ) followed by sorghum (1139±437cm 2 ) and maize (788±316cm 2 ). The LSD test showed a significant difference among three crops (P<0.05). Similarly, second set of experiment (Exp II; August-September) showed highest mean leaf area in pearl millet (547±146cm 2 ) followed by sorghum (476±87cm 2 ) and maize (417±128cm 2 ). The leaf area was not statistically different between sorghum and maize in the second set of experiment.
The plant water loss (transpiration) of maize in the course of the day was comparatively less than pearl millet and sorghum under a range of low, medium and high VPD levels in the both sets of experiments. The water loss in maize plant ranged between9.8 and13.7 g/day (Low to High VPD) in Exp I, whereas it ranged between 12.4 and17.6 g/day (Low to High VPD)in the case of Exp II. The water loss in both pearl millet and sorghum plants were comparatively similar in both the experiments and statistically non-significant to each other.
The measurement of transpiration rate in plants was expressed as per unit leaf area. In both the experiments (Exp I and II), the maize TR was higher than sorghum TR under both low and high VPD conditions and was significantly different among the crops (P<0.005) used in the study. When the plants exposed to increasing VPD conditions, the maize and sorghum TR were similar, and they were non-statistically different to each other in both the experiments.
Plant adaptation to water deficit depends on both the inherent and adaptive characteristics that condition water uptake. Among these characteristics, the canopy development, the amount and rate of transpiration (water loss per unit of leaf area), and the sensitivity of plants to evaporative demands are important factors that influence plant fitness in a particular environment. Pearl millet has rapid development of canopy size in early vegetative stage compare to sorghum and maize. The differences in canopy size ideally should reflect the differences in total water use. Pearl millet has higher transpiration water loss due to large canopy size; interestingly sorghum has lost a similar amount of water although the leaf area was significantly lower than pearl millet which indicates that the higher canopy conductance in sorghum. Maize seems to be lower in canopy size as well as the transpiration. Several genetic factors can contribute to these interspecies differences in leaf area, including the rate of leaf appearance, or simply the size of individual leaves appearing at different stages. However, environmental interaction effect is also known to play an important role in leaf area development through a combination of hydraulic and metabolic controls which are specific to species (Pantin et al., 2011 (Pantin et al., , 2012 Kudoyarova et al., 2011) . In all cases, it is an important to harness the genetic determinants of leaf area development (both the inherent characteristics and the genetic responses to environmental conditions) which subsequently drives the transpiration up to certain extent and understand these species adaptations to specific conditions (Van Oosterom et al., 2001) . Van Oosterom et al. (2011) reported higher leaf appearance rate in sorghum hybrids which showed reduced tillering, that led to both a reduced leaf area around anthesis and increased yield under water stress. Limiting the size of the transpiring leaves is one way to control plant water losses, buta smaller canopy would also restrict light capture capacity and limit yield under certain conditions (Sinclair and Muchow 2001) . Therefore limitation in conductance of the canopy could be another point to compare these three crops for adaptation. Pearl millet showed more limited TR under high VPD and appeared to conserve soil moisture better than sorghum and maize under a high evaporative environment at early vegetative stages. In both the experiments, a maximum VPD greater than 3kPa was achieved. In the Exp I, the temperature and humidity ranged from 27°C to 38°C and 80% to 40%, respectively whereas in the Exp II, temperature and humidity ranged from 31°C to 34°C and 85% to 30%, respectively. For acclimation, the day and night regime temperature and relative humidity maintained in Exp I and II for IS 3147in the first experiment. The line IS 8348 had a negative slope in case of the second experiment.
Pearl Millet
Pearl millet lines, tested in two sets of experiment also showed a good range of variation for limited TR traits. Among nineteen lines, twelve lines expressed limited TR at high VPD where VPD threshold rangedfrom1.83to 2.72 kPa and recorded by IP 13520 and IP 7953 respectively. In Exp II only two lines IP 4542 and IP 6179 expressed limitation TR above 2.42 kPa, remaining seventeen lines showed a linear increase in TR with increasing VPD. The lines IP 4542 and IP 6179 were consistent in performance in both the experiments.
Genotypic variation for the sensitivity of transpiration to VPD also found in cereals crop like Pearl millet, Pennisetum glaucum (Kholova et al., 2010) ; Maize, Zea mays L. (Yang et al., 2012) and Sorghum, Sorghum bicolor . The hypothesis states that the restriction in transpiration under high VPD allowed by partial stomata closure saves soil moisture at the early vegetative stage, which can increase moisture availability for reproductive stages under the rainfed condition and can enhance yield (Richards and Passioura, 1989 and Sinclair et al., 2005) .In this study, the restriction of the transpiration rate in crop plants for little or no increase in TR showed sizeable genetic variation. The variation in VPD breakpoint does not differ widely among these three crops. Four lines of maize (EA1197, PH207, VL 109150 and VL 12153), three lines of sorghum (IS 27791, IS 3147 and IS 8348) and two lines of pearl millet (IP 4542 and IP 6179) expressed sensitivity to elevating VPD by limiting TR consistently in both the sets of experiments. These lines may have the ability to conserve more soil water under high atmospheric VPD conditions compared to others. Water stress tolerance results from a complex combination of traits that influence supply and demand for water (Passioura 2012) . The ability of a genotype to adapt to a particular water availability level eventually determines the level of tolerance of that genotype. Therefore, lines having a limited TR could further be evaluated for a given environment and selection could be based on the range of breakpoint exhibited. For this study, the heritability and genetic advance were also measured and were high, showing the potential of this trait to be used as an efficient secondary trait in breeding programs for the limited water environment. GCV -Genotypic coefficient of variation; PCV -Phenotypic coefficient of variation; h 2 -heritability; GA % mean -Genetic advance % mean Significance level -5%
